Introduction
The indication for adjuvant postmastectomy radiotherapy (PMRT) in breast cancer patients operated on for small tumors with 1-3 macrometastases in the axilla remains a controversial issue, despite the recommendation that PMRT should be applied in these patients in the most recent overview by the Early Breast Cancer Trialists' Collaborative Group (EBCTCG) [1] . In that overview, a survival benefit from PMRT was documented and a proportional risk reduction was seen between the lower risk of locoregional recurrence (LRR) and improved survival. In several consensus and guideline reports, adjuvant PMRT has been recommended in patients operated on for 4+ positive nodes, but not in the situation of 1-3 positive nodes as the only criterion [2] [3] [4] [5] [6] [7] [8] . However, in the most recent consensus report from St. Gallen 2009, the use of PMRT in patients with 1-3 macrometastases in the axilla was recommended if the patient was young and for those with other poor prognostic features [9] ; however, age and poor markers were not further defined. In this report, we discuss the evidence available regarding the benefit from adjuvant radiotherapy after surgery for N1 breast cancer. Offersen/Brodersen/Nielsen/ Overgaard/Overgaard immunohistochemical studies of classical histopathologic parameters such as estrogen receptors (ER) and progesterone receptors and HER2 status together with T and N status were related to the pattern of recurrence in the irradiated and nonirradiated patients [17] . This showed that in the patients with 'good prognosis' defined as pT1, pN1, grade 1, ER+, and HER2-, there was a 1:1 relationship between LRR and overall survival (in the non-irradiated group, 11% more LRR after 5 years translated into 12% worse overall survival after 15 years). In the subgroup of worst prognosis defined as pT3+, pN2+, and grade 3, there was a difference of 35% more LRR in the non-irradiated group after 5 years but this did no result in any difference in overall survival after 15 years. The conclusion therefore was that the irradiated patients with the best prognosis in both the DBCG 82 b and c trials had significantly better locoregional control and a significant gain in overall survival of the same magnitude.
Other Studies Evaluating the Benefit from Adjuvant Postoperative Radiotherapy
The British Columbia Randomized Trial Parallel to the DBCG 82 b trial, a Canadian randomized trial on adjuvant radiotherapy in 318 premenopausal women treated with modified radical mastectomy and adjuvant chemotherapy (9 cycles of CMF) was conducted. In the period of 1979-1986, patients were randomized to +/-adjuvant PMRT with 37.5 Gy in 16 fractions to the chest wall and regional lymph nodes including the internal mammary nodes. A median 11 lymph nodes were removed, and 183 patients were diagnosed with 1-3 positive nodes whilst 112 patients had 4+ nodes [21, 22] . The results from this study were in harmony with the DBCG trial, demonstrating significant improvements in all evaluated endpoints in favor of PMRT at the 20-year follow-up. In particular the Canadian group reported survival free of isolated LRR (74 vs. 90%, RR 0.36; 95% CI 0.18-0.71; p = 0.002), breast cancer-free survival (48 vs. 30%, RR 0.63; 95% CI 0.47-0.83; p = 0.001), and overall survival (47 vs. 37%, RR 0.73; 95% CI 0.55-0.98; p = 0.03). Long-term toxicities were evaluated and were minimal in both arms.
MA25 Trial
The MA25 trial tested the effect of adding locoregional PMRT in patients with N1 disease. The trial was lead by the SWOG (South Western Oncology Group) but unfortunately accrued very slowly in the period from 1999 to 2003 when it was closed due to poor inclusion. The 2 largest and most recent randomized trials investigating the benefit from adjuvant radiotherapy to the chest wall and regional lymph nodes in N1 breast cancer after mastectomy are the DBCG 82 b and c trials by the Danish Breast Cancer Cooperative Group (DBCG) [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . In the DBCG 82 b and c trials, 3,083 pre-and postmenopausal high-risk breast cancer patients were randomized to +/-adjuvant PMRT in addition to their systemic therapy. In the DBCG 82 b protocol, 1,708 pre-and perimenopausal patients were included, and in the DBCG 82 c protocol, 1,375 postmenopausal patients below 70 years of age were included. The protocols were open for inclusion in the period of [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] , and the high-risk criteria at that time were node-positive disease and/or a T3 or T4 tumor and/or skin or deep fascia invasion.
MA20 Trial
Based on the surgical guidelines used during the period of inclusion in these protocols, the median number of removed lymph nodes was 7. Therefore, in the following we discuss results from a selected subgroup of 1,152 node-positive patients where 8 or more lymph nodes were removed during surgery. The surgical treatment was macroradical mastectomy and axillary dissection with the aim to remove the nodes of level I and partly level II and all macroscopically enlarged nodes. The systemic therapy in the premenopausal patients consisted of 8-9 cycles of CMF (cyclophosphamide, methotrexate, 5-fluorouracil), and for the postmenopausal patients tamoxifen 30 mg daily for 48 weeks (further details in [10, 11] ). Patients randomized to radiotherapy were treated with 48-50 Gy in 22-25 fractions, 5 weeks. The radiotherapy fields included the thorax wall, the internal mammary nodes, and the periclavicular and axillary nodes. Further details are given in [14] . After a median follow-up of 18 years (range 15-22 years), a substantial and equal survival benefit from locoregional PMRT was documented in patients with 1-3 and 4+ positive lymph nodes in the axilla [12] . During the first 15 years post treatment, 179 patients (16%) were diagnosed with LRR and 762 patients (66%) died. The frequency of LRR in the radiotherapy group was 4% and in the noneradiotherapy group 26%; the corresponding 15-year actuarial values were 6 and 37%, respectively, p < 0.001, and relative risk (RR) 0.12 (95% confidence interval (CI) 0.07-0.19). Using the endpoint overall survival, 61% had died in the radiotherapy group and 71% in the none-radiotherapy group; the 15-year actuarial values were 39 and 29%, respectively, p = 0.015, and RR 0.63 (95% CI 0.49-0.81). Morbidity from PMRT was evaluated in these patients, and importantly no excess cardiac mortality was identified after a median followup of 12 years [13, 19] . Results from the RACE study have recently confirmed no differences in cardiac morbidity and mortality between Danish patients irradiated with PMRT for left-and right-sided breast cancer [20] .
In 1,000 patients included in the DBCG 82 b and c trials, tumor tissue was available for further examination. Thus
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Regional Irradiation of Early Breast Cancer 349 col, and recently the positive outcome in these patients has been reported in a cohort of 2,768 patients [27] . Before 1997, locoregional radiotherapy was offered to 23% of patients with N1 disease, and after 1997 this figure increased to 57%. This resulted in a significantly better locoregional control rate, with the 10-year local control rate being 89% without and 93% with locoregional radiotherapy (p = 0.006). In multivariate analysis, locoregional radiotherapy was associated with improved locoregional control (HR 0.55; 95% CI 0.40-0.77).
The German Guidelines for PMRT to N1 Breast Cancer Patients
In the first evidence-based guideline from the German Cancer Society (Deutsche Krebsgesellschaft, DKG) in 2004, the use of PMRT was recommended only in patients with micro-or macroscopic residual disease (R1-2 situation), with 4+ positive nodes, pT3+ tumors > 5 cm (Grade of Recommendation GR A), and patients with special risks [28] . These risk factors were specified in 2005 by the German Society of Radiooncology (Deutsche Gesellschaft für Radioonkologie, DEGRO): 1-3 positive nodes (GR B); age < 40 years, L+ or V+ (lymph-or hemangiosis), pT2 > 3 cm, G3, multicentric or multifocal tumors, infiltration of the pectoral fascia or margin < 5mm (GR C) [29] . Since randomized studies demonstrated a significant survival benefit for irradiated patients irrespective of the number of affected nodes, the debate regarding PMRT was resumed in Germany in 2007 [30] , and the first update of the DKG guidelines described PMRT in patients with 1-3 positive nodes as exerting a possible benefit (Level of Evidence (LOE) 1a, GR 0) [31] . The common consensus from 2008 until today is described in the DEGRO Practical Guidelines for Radiotherapy of Breast Cancer II [32] : PMRT to the chest wall decreases the local recurrence rate (LOE 1a). In patients with a high risk of local recurrence, PMRT improves survival (LOE 1a). PMRT to the chest wall is indicated in patients with T3/T4 tumors (LOE 2a, GR A), R1/R2 resection (LOE 2a, GR A) or pN+ (> 3) (LOE 1a, GR A). Patients with 1-3 positive axillary nodes may benefit from PMRT (LOE 1a, GR 0). The conclusion of the DEGRO Panel is therefore that for patients with 1-3 positive axillary nodes bearing an intermediate risk for LRR after mastectomy, PMRT should no longer be considered optional but an indication based on strong evidence (LOE 1). As a consequence, in the next update of DKG the respective recommendation should be modified accordingly. The significance of other risk factors such as age < 40 years, blood or lymphatic vessel invasion, infiltration of the pectoral fascia, or close resection margins < 1 mm has not been definitively assessed; therefore, the respective benefit of PMRT is not yet quantifiable on a high LOE. As radiotherapy may prevent secondary distant spread by reducing local recurrence, the panel recommends PMRT in these situations, especially in patients with 2011 with 62 months median follow-up [23] . Patients with high-risk node-negative or node-positive breast cancer had breast conserving surgery followed by whole breast irradiation and were randomized to +/-regional radiotherapy. All patients with N1 disease (85% of the cohort) were treated with level I and II axillary dissection, adjuvant chemotherapy, and/or endocrine therapy. Among the 916 patients in the group treated with regional radiotherapy, the internal mammary, supraclavicular, and apical axillary lymph nodes were included in the radiotherapy fields. The results demonstrated a significantly better outcome for those patients treated with regional radiotherapy for the following endpoints: diseasefree survival (DFS) (hazard ratio (HR) 0.68; 95% CI 0.52-0.87; p = 0.003), isolated locoregional DFS (HR 0.59; 95% CI 0.37-0.92; p = 0.02), distant DFS (HR 0.64; 95% CI 0.47-0.85; p = 0.002), and a trend towards better overall survival was observed (HR 0.76; 95% CI 0.56-1.03; p = 0.07).
The SUPREMO Trial
A third randomized study is the SUPREMO trial which includes patients after mastectomy for intermediate risk breast cancer (1-3 positive nodes or invasive ductal carcinoma grade III), and these patients are randomized to either no irradiation or chest wall irradiation with no regional radiotherapy. The SUPREMO study started in June 2006 and by now has enrolled more than 1,100 patients from more than 120 centers. The trial is on track to meet the target of 1,600 patients recruited by December 2012. The first report on the secondary endpoints is planned for around June 2016 when all patients will have a minimum of 3 years follow-up and the median follow-up will be around 5 years. The primary analysis will be completed in 2023 when all patients will have a minimum of 10 years follow-up (personal communication Eve Macdonald, National Scotland Services).
The EORTC 22922/10925 Trial
In 2012, the first results from the EORTC 22922/10925 randomized phase III trial are expected. In the period of 1996-2004, 4,004 patients with localized stage I-III breast cancer medially or centrally located in the breast and/or node-positive disease were randomized to +/-elective irradiation of the internal mammary nodes and the medial supraclavicular lymph node regions [24] . Only 23% of the patients in that trial received a mastectomy.
Results from Canada after Changing PMRT Guidelines
In 1997 and 1998, the results from the 2 large randomized clinical trials investigating the benefit from irradiation of the regional lymph nodes in the postmastectomy situation in Denmark and Canada were published [10-12, 25, 26] . These results stimulated an increased use of regional radiotherapy also in patients having undergone breast conserving surgery in British Columbia. Parallel to the MA20 trial, patients with N1 disease were offered regional radiotherapy outside the proto-Offersen/Brodersen/Nielsen/ Overgaard/Overgaard several of the above-mentioned risk factors. The second update of the DKG guideline is expected at the beginning of 2012, but in the preliminary statement of the German Gynecological Oncology Working Group (Arbeitsgemeinschaft Gynäkologische Onkologie, AGO) in 2011, PMRT is recommended in patients with 1-3 positive nodes with an LOE 1a A + (depending on the age of the patient) [33] .
Recommendations
The results from the different studies are summarized in table 1. The results from the DBCG 82 b and c trials showed a clear benefit with regard to locoregional control and overall survival from adjuvant radiotherapy to the chest wall and locoregional lymph nodes in postmastectomy patients diagnosed with 1-3 positive axillary lymph nodes. These results were strongly supported by the results from The British Columbia Randomized Trial, and lately the results from the MA20 Trial have further confirmed the benefit from regional radiotherapy after breast conservation. Importantly, the systemic therapy in the MA20 Trial is more modern than the systemic therapy in the trials from the 1980ies, but still a sig- References nificant improvement in locoregional and distant DFS is seen among irradiated patients. Due to different selection of patients to the running trials mentioned above, combined with the different targets for the adjuvant radiotherapy, it is clear that the running trials will not be able to answer the question of the effect of regional radiotherapy in the postmastectomy patient operated on for N1 breast cancer. We strongly recommend that all patients with 1-3 and 4+ positive lymph nodes receive locoregional radiotherapy. The results indicate an equal gain in locoregional control by radiotherapy for patients with both 1-3 and 4+ positive nodes.
